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RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION OF A TAILLESS
TRIANGULAR-WING FIGHTER ATRCRAFT AT
MACH NUMBERS FROM 0.5 TO 1.5

By Ieslie F. Lawrence and James L. Summers

SUMMARY

A wind—tunnel investigation has been made to determine the
respective variations with Mech number of the static longitudinsl
stability, the drag, and the effectiveness of a constant-—chord
control surface for a tallless fighter asircraft employing a triangu—
lar wing of aspect ratio 2.31. These characteristics were determined
for the airplane provided with two alternative ailr entries: an
external compression, or shock diffuser, entry and sn open nose
entry. Measurements of 1lift, drag, a.nd pitching moment were made

through an angle—of-attack range of —4° to +14°, and over a range of
Mach numbers from 0.5 to 1.52 (excluding the region from 0.95 to

1.20) with corresponding Reynolds num'bers s based on the mean aero—
dynemic chord, ranging from 0.8 X 10°® to 1.0 x 10°. )

The models with elther type of entry became increasingly stable
with increasing Mach number. (The quarter point of the mean aero—
dynamic chord was the reference for pitching-moment coefficients.)

The variastion with Mach number of the minimum drag coefficient
of the model was characteristic of that for triangular wings of
compareble aspect ratio, the minimum drag coefficient increasing
approximately 100 percent between 0.85 and 1.20 Mach number. A
substantial portion of the minimum drag coefflicient was contributed
by the fuselage of the model.

With increasing Mach number up to 0.95, the 1ift and pltching-—
moment effectiveness of the control surface remained substantislly
constant. The 1ift effectiveness at supersonic Mach numbers was
approximately one-half the subsonic value. The pitching-moment
ePfectiveness decreased continuously from the subsonlc value to
approximetely 50 percent of this value at 1.52 Mach number.
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INTRODUCTION

The triangular wing of low aspect ratio possesses c¢haracter—
istics which make it appear sultable for use on fighter aircraft
designed to operate at moderate supersonic Mach numbers. Informstionm,
however, 1s currently lacking concerning the stability and control
characteristics of a supersonic airplane with this type of wing. The
present investigation was conducted to determine the variation with
Mach number of the longitudinal stability, drag, and control—surface
effectiveness of a model of a representative fighter alrcraft
employing a triangular wing with constant—chord trailing—edge control
surfaces. The model wes equipped with an external compression, or
shock diffuser, alr entry.

The investigation of the drag characteristics included determi--
nation of the increments of drag contributed by the principal com—
ponents of the configuration. In addition, some measure of the
effect of an open nose sir entry on the longltudinal static stability
and the drag of the model was determined.

SIMBOLS
8.C. aerodynemic center
QD ' drag coefficient, based on the corrected balance drag
reading which includes the drag due to internal flow
qD minimum drag cosfficient
min
Cp. - internsl drsg coefficient, based on the difference of
L the totel momentum of the Intermel flow between the

outlet of the body and the entering free—stream tube

CL 1lift coefficient

dc
a-g-l-i> average values of rate of change of lift coefficient
&7 av with control—surface deflection, per degree

C._ pltching-moment coefficient about guarter—chord point
- of the mean aerodynsmic chord

g /4

dS o

& average values of rate of change of pitching-moment coef—
e/ av ficlent with control—surface deflection, per degree
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c wing chord, feet

mean gerodynsmic chord of gross triangular wing area

.&2_@ 3 feet

ol

Je ay
M~ Mach number
E% mass—flow coefficlent
oy mess flow in duct, slugs per second
m, | mess flow in free—stream tube with cross—se‘ctional area
equal to duct entrance area, slugs per second
q free—stream dynamic pressure, pounds per sdquare foot
R. Reynolds number, based on mean serodynamic chord
y spanwise distance, feet
o . angle of attack, degrees
Bg control-surface deflection, degrees

APPARATUS AND TESTS

The investigation was conducted in the Ames 1— by 3—1/2—foot
high—speed wind tummel, which is equipped with a flexible nozzle to
permit a variation of Mach number from O to approximately 1.50.

(See fig. 1.) A three—component strain—gage balance was employed to
measure 1ift, drag, and pitching moment.

Three—~view drawings and photographs of the models tested are
shown in figures 2 and 3. These models were reproductions of probable
configurations of a fighter designed to operate at high subsonic and
moderate supersgonic Mach numbers, The alrplane had no horizontal
tail assembly. The fineness ratio of the fuselage was 5.61, this
low value being required to accommodate the proposed power units.

The wing plan form comsisted of an equilateral triangle of
aspect ratio 2.31. The profile at all spanwise stations was an
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NACA 65-006.5 section. ILongitudinal control was provided by constent—
chord flaps extending from the fuselage to the wing tips. Flap
deflections for the model were obtained by bending the rear portions
of identical interchangesble wings to the positions desired.

Models with two types of air entries designed for the same
power unlt, were tested. The first was an external compression
entry having s 50° cone st the entrance snd a lip angle of 25° with
the minimum cross-sectional area located at the entrence. (See
fig. 2(a).) This entry is hereinafter referred to as the "external
compression entry." The second entry was an open nose entry, the
exterior profile being formed by fairing a truncated 24° cone into
the cylindrical fuselage. The minimum duct area, as with the first
entry, was also located at the entrance. (See fig. 2(b).) From
the figure, it msy be seen that the model with the open nose entry
was tested with a cockplt canopy. For the model with the external
compression entry, the cockplt was assumed to be located in the come
and inner body. '

The various modele were obtalned by assembling interchangesble
components on a basic inner body. The Inner body, in turn, was
attached to the end of a sting support which transmitted aerodynamic
forces and pitching moments to the strain-gage balsnce. (See fig. 4.)
Aerodynaemic forces on the sting were minimized through the use of a
shroud extending longltudinally to within 0.020 inch of the base of
the inner body. This gep provided sufficient cleesrence between the
inmer body and the shroud to prevent mechanical interference resulting
from deflection of the drag gage.

Variation in the angle of attack was accomplished by supporting
the model successively on a series of bent stings. (See fig. k4.)

Lift, drag, and pltching moment were determined at angles of
attack from —4° to 14° for Mach numbers from 0.5 to 0.95 and from
1.20 to 1.52. The corresponding Reynolds number variastion is
shown in figure 5. The decrease in Reynolds number at the higher
subsonic Mach numbers and the apparently low values at supersonic
Mach numbers resulted from increased tunnel operating temperatures.

The static pressure at the base of the inner body (necessary
for determining bsse drag corrections) was measured through an
orifice in the sting located adJacent to the base of the Inner body
as shown in figure 4. The pressures for determining internal flow
conditions were obtained from s rake of six total-pressure and two
static—pressure tubes mounted symmetrically sbout the perimeter of

i
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the shroud in the Jet exit. The shroud was attached to the balance
housing in s manner which permitted concentric alinement of the
shroud and rake with the sting and inner body, under load, st all
angles of sting deflection.

REDUCTION OF DATA

The 1ift, drag, and pitching-moment coefficlents are referred
to the gross trisngulsr wing area, including that portion covered by
the fuselage. The pltching-moment coefficient is based upon the
mean aerodynamic chord and referred to the quarter—chord position.
Internal drag forces were calculated from pressure observations by
use of momentum theory according to the method of reference 1; all
other force data were obtained by direct measurement.

Conventional wind~tunnel-wall corrections at subsonic Mach
numbers were determined by the method of reference 2. These correc—
tions were:

A

0.72% Cy,

0.0126 ¢;2

ACp

A further correction, for constriction effects of the wind-=tunnel
walls st subsonic Mach numbers, was evaluated by the method of
reference 3. At 0.95 Mach number this correction increased the
megsured values of Mach number and dynamic pressure by approximstely
} and 3 percent, respectively. Wall interference at supersonic Mach
nunbers was minimized by the model being almost entirely within the
rhombus formed by the bow wave and its reflection from the gide wallsa.
No buoyancy corrections were applied to the drag data because of the
small magnitude of the longltudinal pressure gradient present in

the wind~tunnel air stream.

An adjJustment to the measured drag forces was necessitated by
the interference of the support. This lnterference varied. with Mach
number and was manifest as a change 1n pressure at the base of the
imner body of the model from that wvalue which would have existed 1f
no support had been pregsent. The varisble drag resulting from this
inconstant pressure wes removed from the measured drag by correcting
the values of the measured base pressure to correspond to that of
the free stream.
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RESULTS AND DISCUSSION

The reletionships between 1ift, drag, and pitching-moment
coefficients and angle of attack for the various model configuratlons
are presented in figures 6, 7, and 8. The effects of Mach number on
the static longitudinal stability, drag, and control effectiveness
are shown in figures 9 through 13.

Static Longitudinal Stabillity

The static longitudinal stability of the model with external
compression entry is indicated by the slope of the curve of the
pitching—moment coefficlent versus 1ift coefficient. (See fig. 6.)
It is noted that the model is stable at all 1lift coefficients where
trim 1s indicsted and, in general, the stablility increased with
increase in Mach number.

The mass—flow cqQefficients of table I being sensibly the same
for both esir entries, it is concluded fromd a comparison of the
pitching—moment curves of figure 8 that no change in the static
longitudinal stability resulted from the change in type of air entry.
This result should not be considered indicatlve of the effect of type
of air entry upon airplane stability for other internal flow conditioms.

The variation with Mach number of the positlon of the aeroc—
dynamic center of the model with either type of alr entry, determined
from the slope of the pitching—moment curves at zero 1lift coefficient
in figure 8, is 1llustrated in figure 9. It is observed that the aero—
dynamic center lies somewhat aft of the centroid of gross wing area
(50 percent of the mean aserodynamic chord) at Mach numbers above
1.27. This result 1s in sensible agreement with the results of an
analytical study (reference 4) of the center of pressure of triangular
wings in combination with various size bodles. In the reference
paper, a center—of-pressure location of 59 percent of the mean aero—
dynamic chord was predicted for the ratio of body diameter to wing
span of the present investigation.

The variation of the serodynamic center of the model with Mach
number agrees well with that shown on figure 9 for a thin wing of
similar plan form at subsonic Mach numbers and at a Reynolds number
of 5.3 X 106, (See reference 5.)

ISy
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Drag Characteristics

It 1s emphasized at the outset that the absolute values of the
drag coefficient conteined in this report are not directly applicable
to the full-scale alrplane, partly because 1n the tests no attempt
was mede to simulate the internal flow of the prototype. Drag values
more characteristic of the slrplane may be obtalned by substituting
for the measured Intermal drag coefficlents of the model values more
representative of those prevalling for the actusl airplane. For
further comparison with the full-scale ailrcraft, values of the model
mags—flow coefficient sre glven in table I. The varlations of
minimm drag coefficient with Mach mumber for the body, body plus wing,
and body plus wing plus vertical fin of the model with external com—
pregsion entry are shown in figure 10, For the complete configuration,
the variation of minimm drag coefficient with Mach number is charac—
teristic of that previocusly observed for triangular wings of aspect
ratio 2. (See reference 6,) The minimum drag coefficient displayed
little variation with Mech number either below 0.85 or sbove 1.20
Mach number and indicated an increase of approximstely 100 percent
between these Mach numbers.

It is further evident from figure 10 that the fuselage contrib—
utes from sbout 60 percent, at subsonic Mach numbers, to about 80
percent, at supersonic Mach numbers, to the total minimum drag coef-
ficient of the test model. A large portion of this high fuselage
drag, in some instances more than 50 percent, was found to copsist of
the Internal drag of the model, Resulis of the internal drag measure—
ments are shown in figure 11. The internal drag coefficlents shown
are, for low and moderate 1ift coefficients, independent of the angle
of attack, Although the internal flow remailned subsonic at stream
Mach numbers of 1,20 and 1.27, the scatter of the data a2t these Mach
numbers indicates that the measurements are somewhat unrelisble. They
have been presgented, however, to indicate the order of magnitude of
the Internsal drag.

Comparison of the minimum dreg coefficlents of the models
equipped with the two types of air entry (fig. 12) shows that the use
of the open nose entry reduced the minimum drag coefficient of the
model at all Mach numbers. The reduction was particularly sub—
stantial at supersonic Mach numbers, although with increasing super—
sonic Mach number the advantage diminished. This result should not
be interpreted to mean that the open nose type of air entry is
necessarily superior to the external compression type. The evidence
of reference 7 Indicates that the extermasl compression entry of the
present investigation was functioning improperly at least at 1.5
Mach number in that the entry shock was not swallowed, with the result
that the flow over the exterior of the model was adversely affected.

~
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Control Effectiveness .

The effects of varlous angles of control—surface deflection on
the 1ift, drag, and pltching-moment characteristics of the model with
the external compression entry are shown in figure 6. The respective
variations with Mach number of the average rate of change of 1lift
coefficient and pitching-moment coefficient with control—surface
deflection from 0° to 10° derived from these curves are given in
figure 13. Also shown are the corresponding characteristics at a
Mach number of 1.53 determined from tests of the same model (reference
7) at a comparable Reynolds number.

The variation with Mach number of 1lift effectliveness was small at
subsonic Mach numbers. At supersonlc Mach numbers, the 1lift effec—
tiveness averaged approximately 50 percent of the subsonic value.

The pitching-moment effectiveness of the control surface exhib—
ited a small increase with increasing subsonic Mach number and a
continuous decrease wlth increasing supersonic Mach number to a value <
at 1.5 Mach number approximately 50 percent of the subsonic value.

A comparison of the control effectiveness determined in this
investigation with that reported in reference 5 for a thin wing of
gsimilar plan form at 5.3 X 10 Reynolds nunber is made in figure 13.
The close correspondence of these results indicates that s Reynolds
number variation within the limits of the respective tests exerts
little influence on the model control effectiveness.

CONCLUSIONS

From the results of a wind-tummel investigatlon between 0.50
and 1.52 Mach number to determine the variation with Mach number
of the static longitudlnal stability, the dreg, and the effective—
ness of a constant—chord control surface for s model of a tallless
fighter alrcraft employing & wing of triangular plan form and
provided with two alternate types of air entry, it is concluded:

1. The static longitudinel stability of the model, referred to
the quarter point of the mean ssercdynemic chord, increased continu—
ously with Mach number throughout the range of the investigation
where trim was indicated. The stability was not apprecisbly
affected by the type of alr entry employed.

2. The varlation with Mach number of the minimm drag coeffi— *
clent was characteristic of triangular wings of similar aspect ratio.
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3. The minimm drag coefficient of the model with the open
nose alr entry was lower at all Mach numbers, and substantislly
lower at supersonic Mach numbers, than that of the configuration
with the external compression entry.

., The variation with subsonic Mach numbers of the 1ift and
pltching-moment effectiveness of the constant—chord trailing—edge flap
wvas small. At supersonic Mach numbers, the 1ift effectiveness was
approximately 50 percent of the subsonic value. The pitching—moment
effectiveness at supersonic Mach numbers decreased continuously from
the meximum subsonic value to half of this value at 1.52 Mach number.

Ames Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Celif.
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TABIE I

VALUES OF MASS~FLOW COEFFICIENT

Mass~flow coefficient, :——;ﬁ

Mach
mmber | prternal compression|Open nose
entry entry
0.5 0.87 0,95
» 6 . 87 . 9
T .84 .91
.8 .79 -87
. 9 - 77 " 8""
o 95 - 77 . 8)'"
1.20 .86 1,00
1.27 .82 .86
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